The direct current magnetic abrasive finishing (DC-MAF) process provides practically no stirring effect on the static flexible magnetic abrasive brush (FMAB) formed by the magnetic field in the working gap. Absence of stirring leads to dullness of abrasive cutting edges in contact with the workpiece which results in a low finishing rate.
INTRODUCTION
The application of a magnetic field for the control of manufacturing processes has become of interest. For example, magnetic abrasive flow machining, magnetic float polishing, magnetorheological abrasive flow finishing, and magnetic abrasive finishing are some of such processes developed in recent past [1] . Magnetic field assisted manufacturing processes are relatively new finishing processes and they are becoming popular in finishing, cleaning, deburring and burnishing of metal and advanced engineering material parts. This process can produce surface finish of the order of a few nanometers [2] [3] [4] . Kurobe et al [5] have conducted experiments on a glass work piece with periodically shutting on/off the direct current (D.C.) power supply to the electromagnet and compared the stock removal results obtained with constant D.C. static field. The stock removal for longer pulse periods was found higher compared to static field. Yamguchi et al [6] have developed a precision internal machining process using an alternating magnetic field and studied its effects on the machining characteristics. Keeping in view the weakness of the various versions of MAF being practiced, a new method of energizing the electromagnet in magnetic abrasive finishing (MAF) using a pulsed power supply is proposed in this investigation. EXPERIMENTAL SET-UP A photograph of the setup is shown in Fig.1a and its zoomed view showing the FMAB is given in Fig.1b . The basic components of the MAF setup are shown in Fig.1a .
In MAF, iron particles are homogeneously mixed in the required ratio with abrasive particles (e.g. SiC). This mixture is termed unbounded magnetic abrasive particles (UMAPs). These particles get aligned along the lines of magnetic force in the finishing zone due to dipole-dipole interactions, and form a flexible magnetic abrasive brush (FMAB) (Fig.1b) . 
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RESULTS AND DISCUSSION
Experiments have been conducted in pulse mode at max. duty cycle so that the FMAB is formed for a longer period of time. The relationship between percentage change in Ra and duty cycle (on-time: 2 ms) has been established as shown in Fig.2 . It shows that as the duty cycle decreases for the constant on time, the percentage change in Ra increases significantly. The duty cycle is defined as: It can be seen from Fig. 3 that as the off-time starts, the current starts falling and before it attains zero value the fresh pulse starts and the current again attains a rising trend. The falling trend of the current value also indicates the falling strength of the FMAB. As a result, depending upon the depth of indentation, some of the abrasive particles may not be able to withstand the cutting force. This situation would lead to either rotation of abrasive particles or jumbling (or remixing) of the ferromagnetic and abrasive particles. Which of these two events (or both) take place during a cycle of MAF will be governed by the ratio of the normal force and the cutting force, during on time and off time (Fig.3) . The value of the force ratio is governed by duty cycle and on time value. High current will result in a high magnetic field hence high depth of indentation. But soon, a decrease in the current leads to lower the FMAB strength. Hence some of the active abrasive particles which have microindented substantially would be pushed inside the FMAB. As a result the fresh particles will come in contact with the workpiece. This can be one of the possible explanations of mixing of the UMAPs during pulsed power supply. Higher current ratio enables better mixing hence higher percent change in Ra. That is why the highest improvement is attained at 8% duty cycle (the lowest duty cycle obtainable with this machine). The AFM image of the as-received ground surface (Fig.4a) shows periodic peaks and valleys resulting in more vertical movement of the stylus that can be related to increased surface roughness value. The grinding lays (Fig.4a ) have been completely replaced by the MAF lays by the P-FMAB at 0.08 duty cycle (Fig.4b) and new peaks and valleys have been produced. The initial Ra value could be reduced by more than 65% in 15.0 min. of polishing time.
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